We report comprehensive small angle neutron scattering (SANS) measurements complemented by ac susceptibility data of the helical order, conical phase and skyrmion lattice phase (SLP) in MnSi under uniaxial pressures. For all crystallographic orientations uniaxial pressure favours the phase for which a spatial modulation of the magnetization is closest to the pressure axis. Uniaxial pressures as low as 1 kbar applied perpendicular to the magnetic field axis enhance the skyrmion lattice phase substantially, whereas the skyrmion lattice phase is suppressed for pressure parallel to the field. Taken together we present quantitative microscopic information how strain couples to magnetic order in the chiral magnet MnSi.
We report comprehensive small angle neutron scattering (SANS) measurements complemented by ac susceptibility data of the helical order, conical phase and skyrmion lattice phase (SLP) in MnSi under uniaxial pressures. For all crystallographic orientations uniaxial pressure favours the phase for which a spatial modulation of the magnetization is closest to the pressure axis. Uniaxial pressures as low as 1 kbar applied perpendicular to the magnetic field axis enhance the skyrmion lattice phase substantially, whereas the skyrmion lattice phase is suppressed for pressure parallel to the field. Taken together we present quantitative microscopic information how strain couples to magnetic order in the chiral magnet MnSi. Skyrmion lattices in chiral magnets attract great interest as an approach to resolve the main limitations of present day spintronics applications. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . At the same time skyrmions in chiral magnets receive also great interdisciplinary interest in fields such as soft or nuclear matter [13, 14] , in which their existence and stability has been considered for a long time in terms of generalised elasticity theories. Skyrmions have by now been identified in a wide range of materials classes at temperatures up to 400 K [1, 9, 10, [15] [16] [17] , where systems crystallising with the so-called B20 structure have been studied most extensively (pedagogical introductions and reviews may be found in Ref. [1-4, 7, 12] ). Yet, one of the most pressing unresolved questions continues to be the microscopic mechanism at the heart of the formation and stability of skyrmions and how to tailor and control their formation and destruction. While the manipulation of skyrmions by spin and magnon currents has been explored [2] [3] [4] [5] [6] , essentially nothing is known experimentally about the effects of controlled variations of mechanical strain as the most generic theoretical aspect considered for many decades.
The B20 materials are ideal model systems, as their properties originate from a well-understood hierarchy of energy scales [18] , comprising of ferromagnetic exchange on the strongest scale, isotropic Dzyaloshinsky-Moriya (DM) spin-orbit-coupling on intermediate scales and higher-order spin-orbit-coupling on the weakest scale. At zero magnetic field helimagnetic order (HO) stabilises below T c , where the modulation length varies between 10 2 and 10 3Å , depending on the specific material. The propagation direction of the modulation is determined by cubic magnetic anisotropies that are fourth order in spin-orbit-coupling. As illustrated in Fig. 1 (a1) and (b1) for MnSi, the material selected for our study, fluctuations in the paramagnetic (PM) state assume a strong helimagnetic character just above T c , also referred to as fluctuation-disordered (FD) regime, until the fourth order spin-orbit coupling triggers a fluctuation-induced first order transition [19] [20] [21] .
The hierarchy of scales is also at the heart of the magnetic phase diagram shown in Fig. 1 (a1) and (b1). At B c1 , determined by the fourth order spin-orbit-coupling terms, a spin-flop transition to the so-called conical phase (CP) occurs [22] [23] [24] . This is followed by the transition to a spin-polarized state (FM) at B c2 , where B c2 reflects the ratio of the FM exchange to DM-interaction. For temperatures just below T c and small fields the skyrmion lattice phase (SLP) is stabilised [1, [8] [9] [10] . However, as a function of field direction the extent of the skyrmion lattice varies by a factor of two [25] . This has been attributed to the fourth order spin-orbit-coupling terms, whereas the orientation of the skyrmion lattice perpendicular to the field is determined by terms sixth order in spin-orbit-coupling [1] .
The formation of the skyrmion lattice in B20 compounds is dominantly driven by thermal fluctuations [1, 26] . However, as the temperature range of the skyrmion lattice reflects variations due to higher-order spin-orbit-coupling, a promising route to control the skyrmion lattice appear to be changes of the spin-orbitcoupling. Moreover, the possible existence of skyrmion lattices in chiral magnets was first anticipated theoretically in a mean-field model for materials with intrinsic or superimposed uniaxial magnetic anisotropy [27, 28] . This has been followed-up by a theoretical study considering uniaxial magnetic anisotropy induced by uniaxial pressure [29] . Hence a key question concerns how lattice strain couples to modulated spin structures in chiral magnets with special interest in the B20 compounds.
Experimentally, the role of large isotropic lattice strain has been studied in hydrostatic pressure experiments in MnSi, FeGe, Fe 1−x Co x Si (x = 0.1, 0.2) and Cu 2 OSeO 3 [30] [31] [32] [33] . For small pressures T c varies linearily and the magnetic phase diagram remains qualitatively unchanged [34] [35] [36] . In contrast, the effects of large isotropic lattice strain are still not settled and potentially at the heart arXiv:1512.08768v1 of a generic non-Fermi liquid state in three dimensions [31, 37, 38] . This compares with the effects of anisotropic lattice strain, as generated in thin films grown on different substrates [39] [40] [41] . However, for the studies reported to date the lattice mismatch with the substrates is prohibitively large and does not allow to establish a straight forward link with the prestine bulk properties. More informative is a recent study of thin bulk samples of FeGe by means of Lorentz TEM [42] , which suggests a strong response to small symmetry breaking strains but lacks comprehensive information. Likewise, uniaxial pressure has been used in a study of the helimagnetic state in polycrystalline MnGe [43] , which reveals a strong response but does not provide the desired insights.
In our Letter we report comprehensive small angle neutron scattering (SANS) measurements of MnSi under uniaxial pressure complemented by some ac susceptibility data [44, 45] . MnSi belongs to the B20 transition metal compounds, the most extensively studied class of materials exhibiting skyrmion lattices. As our main result we find a remarkably simple behaviour, in which uniaxial pressure imposes a strong easy-axis anisotropy that stabilises the magnetic phase for which a magnetic modulation is closest to the pressure axis, regardless of precise crystallographic orientation. In particular, uniaxial pressures perpendicular to the magnetic field axis enhances the helical order and the skyrmion lattice strongly, whereas both phases are suppressed for pressure parallel to the field as shown in Fig. 1 (a2) and (b2).
Our measurements were carried out on four bar-shaped MnSi samples [46] for various combinations of pressure and field directions along different crystallographic directions. Uniaxial pressures were generated with a bespoke Helium-activated pressure cell [47, 48] . SANS measurements were performed at the MIRA-1 and MIRA-2 beam lines at FRM II [49] . The AC susceptibility χ ac was measured by means of a bespoke free-standing miniature susceptometer [50, 51] . It is helpful to note that uniaxial pressure studies in principle may be subject to inhomogeneous pressure distributions. Further, the skyrmion lattice is sensitive to the precise field distribution inside the sample. The conclusions of our study are purely based on experimental results that are insensitive to these limitations (only applied field values are stated). Further details of the experimental methods and additional data are reported in the supplement [51] .
Typical SANS intensity patterns of the helical order are summarised in Fig. 2 (a1) through (a3). The slight smearing of the intensities may be attributed to pressure inhomogeneities and do not affect the conclusions of our study [51] . For B dc = 0 and σ = 0 we observe equal domain populations along the 111 axes, as shown in Fig. 2 [51] . Thus, for all crystallographic directions uniaxial pressure imposes a strong easy axis for the modulation direction. However, because we do not observe any evidence for higher-order intensities under uniaxial pressure in the helical state or for any of the other magnetic phases (cf. Ref. [52] at zero pressure), we conclude that uniaxial pressure leaves the magnetic textures basically undistorted and mainly influences their spatial orientation and thermodynamic stability.
It is instructive to distinguish uniaxial pressureinduced isotropic strain from the effects of symmetry breaking anisotropic strain. Shown in Fig. 2 (b1) is the zero-field helimagnetic transition temperature, T c , as a function of pressure. The rate of suppression, dT c /dσ ≈ −(0.236 ± 0.03) K kbar −1 , corresponds to the measured hydrostatic pressure dependence when assuming an isotropic material, where dT hydro c /dp ≈ −0.8 K kbar −1 ≈ 3dT c /dσ [30] . We conclude that the suppression of T c is dominated by isotropic changes of the unit cell volume.
The effects of symmetry breaking anisotropic strain are quantitatively reflected by the angle α between the helical propagation direction and the pressure axis. Typical data are shown in Fig. 2 (b2) for pressure along [110] and [001] , where the linear decrease of α with increasing pressure suggests a linear coupling between strain and helical order. It is possible to express the strength of the pressure-induced anisotropy in terms of the applied magnetic field, B α , that causes the same rotation angle α of the helical propagation direction towards the field direction as that generated under pressure. With increasing pressure B α increases rapidly and approaches B c1 for [110] already around 1 kbar as shown in Fig. 2 (b3) , where the same behaviour is observed for pressures along [001] and [110] .
The pressure dependence of B c1 for fields perpendicular and parallel to the pressure axis, denoted B ⊥ c1 and B c1 , respectively are shown in Fig. 2 There are small differences of B c1 at σ = 0 due to the fourth order spin-orbit-coupling terms and B c1 decreases while B ⊥ c1 increases. This is consistent with an increasing uniaxial anisotropy parallel to the pressure axis. To measure the strength of the pressure-induced easy-axis anisotropy for pressure along [111], we determined the magnetic field, B dom , applied perpendicular to the pressure axis. B dom is defined as the field at which the domains along the pressure axis become completely depopulated. As a function of pressure B dom increases rapidly and approaches B ⊥ c1 from below for pressures of the order of 1 kbar as shown in Fig. 2 (b4) . Taken together the pressure-induced anisotropy exceeds the cubic anisotropy and dominates above a few kbars, regardless along which crystallographic axes pressure is applied.
In contrast to the response of the helical order, key aspects of the scattering pattern of the skyrmion lattice remain qualitatively unchanged for all pressure and field combinations, in marked contrast with recent TEM work on thin FeGe samples [43] . This is illustrated in Figs. 3 (a1) through (a3) for field parallel [110] . We begin in Fig. 3 (a1) with typical data for σ = 0, where the usual sixfold pattern is observed perpendicular to the field. One pair of Bragg spots is aligned along [110] . Small differences of the spot intensities arise from an incomplete rocking scan. The changes of the pattern in the SLP for pressures perpendicular to the applied field may be summarised as follows (see [51] for further data). First, for pressure along [110] a second domain population appears in field sweeps after zero-field cooling, as shown in Fig. 3 Our observations on the skyrmion lattice may be explained within an effective description for the orientation angle ω quantifying the deviation of one of the Bragg spots from the 110 direction in terms of the potential V(ω) = −V (σ) cos(6(ω−ω 0 (σ))) with pressure dependent • symmetry is broken and ω 0 (σ) becomes finite resulting in a smooth increase of ω with increasing σ and a drift of the Bragg spot away from [110] (Fig.3 (a3) ).
As an additional effect not observed so far we anticipate that uniaxial pressure also couples to the normal vector of the skyrmion lattice plane inducing a small tilt of a few degrees away from the magnetic field axis. A similar tilt of the skyrmion plane due to cubic anisotropies has been recently resolved as a function of the field orientation in a very careful study on a spherical sample at σ = 0 [53] .
The phase boundary of the skyrmion lattice was inferred from temperature and field sweeps, where typical SANS data are shown in Fig. 4 (a1) and (b1) . For field perpendicular to the pressure axis the temperature range of the skyrmion lattice increases rapidly, whereas the temperature range is essentially unchanged for field parallel to the pressure axis and the intensity disappears around 2 kbar. The pressure dependence of the transiton temperatures in (T A1 ) and out (T A2 ) of the skyrmion lattice phase (T A1 and T A2 respectively) are summarized in Figs. 3(b1) Fig. 3 (b1) . We note that in Figs. 3 (b2) and (b3) the slope of the line guiding T A2 are the same as determined from a fit of T A2 in panel (b1). Taken together these data imply that T c and T A2 are dominated by the trace of the induced strain tensor, which in a cubic crystal is independent of the orientation of the applied uniaxial stress.
The transition at T A1 decreases rapidly with increasing pressure, dT A1 /dσ ≈ −(2 ± 0.05) K kbar The ac susceptibility, χ ac , shown in Figs. 4 (a2), (a3), (b2) and (b3), was measured to obtain further information on the phase boundaries. The AC excitation was always oriented parallel to the pressure axis. Thus, Figs. 4 (a2) and (a3) show χ ac transverse to the applied field. In contrast to the well-understood reduction of χ ac when the excitation is longitudinal to the applied field [25] , χ ac is enhanced under transverse excitation.
In summary, our data show in Fig. 1 typical magnetic phase diagrams, for field parallel to [001] and [110], respectively. For pressures applied perpendicular to the field, the extend of the skyrmion lattice phase is strongly enhanced due to changes of T A1 (Fig. 1 (a2) ). In contrast, under pressures parallel to the magnetic field direction, the temperature range of the skyrmion lattice decreases only slowly until the skyrmion lattice vanishes ( Fig. 1 (b1) and (b2)). This is consistent with the mean-field prediction of Ref. [29] that a uniaxial tensile stress along the magnetic field stabilizes the SLP. The combination of different field and pressure directions suggests strongly, that our observation does not depend on the precise crystallographic orientation of the sample with respect to the pressure and field direction.
Our study reveals a remarkably simple relationship between uniaxial pressure-induced lattice strain and the magnetic order in the B20 compound MnSi, even though uniaxial pressure breaks the symmetries of the crystal structure. To leading order an easy-axis anisotropy for the modulation direction along the pressure axis is generated, regardless of the crystallographic orientation. This anisotropy becomes remarkably strong already around ∼ 1 kbar. The boundary to the paramagnetic state is dominated by isotropic strain components. In contrast, amongst the ordered phases, pressure stabilises the magnetic order, for which a modulation direction is closest to the pressure axis. This explains the pressure dependence of B c1 as well as the pressure dependence of the phase boundaries separating the skyrmion lattice and conical phase, where the latter increases strongly for pressures perpendicular to the field direction and thus within the skyrmion lattice plane.
The measurements presented here bridge the gap between the present-day understanding of small isotropic and large anisotropic lattice strains in MnSi as a prototypical model system supporting itinerant helimagnetism and a skyrmion lattice phase, where the latter has been explored in attempts to stabilise a skyrmion lattice in thin films. In this context our results provide the basis for a complete quantitative understanding how to create or destroy skyrmions in nano-scale systems.
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II. EXPERIMENTAL METHODS

A. Sample Preparation
For our study four MnSi samples were prepared from optically float-zoned high-quality single-crystal ingots [1] . Three samples had a size of 5 × 1 × 1 mm 3 and one sample had a size of 10 × 2 × 2 mm 3 ). The samples were oriented by means of x-ray Laue diffraction such that a long axis was parallel to 100 , 110 and 111 . The larger sample was oriented to have the largest axis along 110 . Uniaxial pressure was applied along the long axis of the samples. The sample quality is comparable to those measured in previous studies [2] . Shown in table II is a summary of all samples studied including the pressure and field directions as well as the experimental probes used.
B. Uniaxial Pressure Cell
Uniaxial pressures were generated with a bespoke pressure cell based on a He-activated bellows system [3, 4] . The body of the pressure cell was made of Cu:Be and Aluminum AW7077 to combine structural stability with low neutron absorption [5, 6] . The applied force
was measured with a piezo sensor (Kistler 9001A ) and the effective cross-section calibrated from high precision measurements of the gas pressure as measured with a Siemens Diptron 3 Digital Manometer. During the experiments the system remained constantly connected to a 10 liter gas dump, reducing pressure variations during temperature sweeps to well below 3 %.
C. Small Angle Neutron Scattering
Small angle neutron scattering (SANS) measurements were performed at the MIRA-1 and MIRA-2 beam lines at FRM II [7] . At MIRA-1 the neutron beam was collimated with an aperture, 5 × 5 mm 2 , situated ∼ 1.5 m before the sample and a second aperture, 5 × 5 mm 2 , placed ∼ 0.5 m in front of the sample. Scattered neutrons were recorded using a delayline 3 He area detector, 20x20 cm 2 , with a spatial resolution of 2x2 mm 2 placed 0.85 m behind the sample. At MIRA-2 the first aperture had a size of 2 × 3 mm 2 and the second had a size of 1 × 1.4 mm 2 . They were placed at the same locations as for MIRA-1, with a CASCADE with a bespoke set of water-cooled Cu solenoids in a Helmholtz configuration [9] . Magnetic fields could be applied either parallel or perpendicular to the neutron beam.
D. AC Susceptibiity
The AC susceptibility, χ ac , was measured in the same basic set up used for the SANS studies by means of a bespoke free-standing miniature susceptometer [10] . The secondaries of the susceptometer were wound concentrically on top of each other while the primary surrounded the pressure cell on the outside. The inner diameter of the secondaries was 3.1 mm with a height of 5.5 mm. AC susceptibility data were recorded at typical excitation fields of ∼ 1 mT and excitations frequencies of 900 Hz oriented parallel to the axis of the uniaxial pressure cell. For measurements up to a few Tesla a cryogen free superconducting magnet was used. The susceptibility data was calibrated against data recorded with a Quantum Design physical properties measurement system. 
E. Field and Pressure Configurations
The SANS and χ ac measurements were carried out for two configurations of the uniaxial pressure axis and magnetic field direction. Notably, in the first configuration the applied field was perpendicular to the uniaxial pressure axis, B dc ⊥ σ, and parallel to the incident neutron beam. This geometry allowed to examine the helical order and the full diffraction pattern of the skyrmion lattice. In the second configuration the applied field was oriented parallel to the uniaxial pressure axis, B dc σ and perpendicular to the incident neutron beam. This geometry allowed to track the helical and the conical order, as well as scattering intensity of the skyrmion lattice perpendicular to the field. Excellent alignment of the samples within the pressure cell was confirmed by the location of the helical intensity pattern in zero magnetic field.
F. Pressure Homogeneity
Uniaxial pressure experiments are sensitive to three main sources of experimental uncertainties: (i) friction, (ii) misalignment, (iii) mechanical damage of the sample. In the following we discuss these aspects and their relevance to our experiments in further detail.
Friction between force transmitting pistons and sample cause a barreling of the sample.
Finite element analysis establishes that finite friction leads to variations of the uniaxial pressures across the sample. They are largest in the center of the sample and smallest on the surface. The effects of these redistributions have been noticed in the resistivity and susceptibility of a superconducting transition as described in Ref. [4] . The effects of friction are greatly reduced for samples with a large aspect ratio, where the height is much larger than the width or depth [11] . The effects of friction may be reduced by means of a carefully selected material placed at the interface between the pistons and the sample surface.
To minimise the effects of friction in our experiments we have studied samples with an aspect ratio of at least five. The sample were separated with cigarette paper from the force transmitting pistons (this approach is based on experience). Our SANS data displays some broadening of the magnetic Bragg spots in the presence of uniaxial pressures. These suggest the presence of some inhomogeneities, albeit they appear to be weak.
Incorrect misalignment may generate shear stresses in the sample beyond the effects of uniaxial pressure. In our experiments we have confirmed parallel alignment better than 1
• between the pressure axis and the crystallographic axis in two steps. First, without pressure the diffraction pattern seen in our SANS measurements provide very accurate information on the alignment (note that the neutron scattering instrument and the sample environment are already aligned very accurately). Second, during our SANS experiments the diffraction pattern in the different magnetic phases clearly showed that the alignment of the sample remained unchanged.
Last but not least we rule out mechanical damage to the samples during the experiments base on an excellent reproducibility of our observations in repeated loading cycles in our measurements on samples S1, S2, S3. This confirms that our results reflect the effects of uniaxial pressure.
III. FURTHER EXPERIMENTAL DATA
In this section we present further data recorded in our study. These data are mentioned in the main text and represent secondary information that back up the main observations reported in our paper. half maximum (FWHM) as obtained from rocking scans, cf. Fig. S3 (b) , decreases rapidly and approaches the instrumental limit of 1 • as shown in Fig. S3 (c) . Here the FWHM represents a measure of the magnetic mosaicity, where the decrease in mosaicity provides additional evidence that uniaxial pressure effectively increases the strength of the uniaxial magnetic anisotropy along the pressure axis.
The three-fold symmetry along the 111 axes mentioned above is broken by a magnetic field applied perpendicular to the uniaxial pressure axis. At ambient pressure a field along a 110 axis leads to a depopulation of the helical domains along 111 axes perpendicular to the field, while the remaining two domains become populated. This depopulation takes place at a characteristic field B dom B c1 , cf. Fig. S4 (a) . As the pressure increases the value of B dom increases. This is not the case for the domain along the [111] direction, which instead becomes depopulated at smaller fields with increasing pressure, Fig. S4 (b) . At high pressures the pressure induced uniaxial anisotropy becomes large and B dom merges with the transition to the conical phase at B c1 . Note that the data shown in Fig.S4 was measured at a temperature well below T c1 for increasing pressure to minimise any parasitic effects due to the decreasing transition temperature T c1 .
While the focus of our study was on the helical order and skyrmion lattice phase we have also collected data on the pressure dependence of the upper critical field B c2 for selected temperatures. Typical data are shown in Fig. S5 . As our main observation we do not find changes of B c2 under pressure. This is consistent with the pressure dependence of the T c , which agrees quantitatively with the hydrostatic pressure dependence of T c for an isotropic material as discussed in the main text. Hydrostatic pressure experiments establish that B c2 is essentially unchanged up to closely below p c = 14.6 kbar. In other words, the lack of a uniaxial pressure dependence of B c2 agrees with the unit cell volume dependence seen in T c . Fig. S6 (c) . Data were recorded at the temperature were maximum intensity was observed in the temperature scans shown in Fig. S6 (c) representing the location at which the skyrmion lattice phase is most stable. With increasing pressure the intensity increases. While the lower magnetic field, B A1 , above which the skyrmion lattice phase appears, decreases only slightly for increasing pressure, our data suggest that the upper critical field of the skyrmion lattice phase, B A2 , is strongly enhanced with increasing pressure. The magnet used for these measurements was limited to a maximum field of 250 mT.
It is instructive to note, that the [110] axis represents an easy magnetic axis within the skyrmion lattice plane for all field directions except 100 [12] [13] [14] [110] and magnetic field parallel to the pressure axis. We note, that for magnetic field perpendicular to the incoming neutron beam only two of the six Bragg peaks of the skyrmion lattice phase may be observed simultaneously, c.f. Fig. S1 . In the case of uniaxial pressure and magnetic field parallel to the [110] axis the helical order may be observed when a [110] is parallel to the neutron beam. In order to measure the intensity from the skyrmion lattice the sample must therefore be rotated by 30
• around the vetical As mentioned before, due to the symmetries of the B20 structure the 110 direction does no represent an easy axis for the skyrmion lattice phase under magnetic fields applied along a 100 axis [14] . Instead the skyrmion lattice rotates by 15
• within the plane so that one of the Q vectors points along a 100 perpendicular to the field, cf. Fig. S11 (b) . 
